ABSTRACT Various symbioses from facultative relationships to obligate mutualisms exist between the epiphytic myrmecophytes in 5 genera of Hydnophytinae (Rubiaceae) and the associated ants. However, the phylogenetic relationships and evolutionary processes have not been studied well. In the present study, a molecular phylogenetic relationship based on the DNA sequence of the atpB-rbcL intergene region was analyzed in 6 species of 4 genera in Hydnophytinae. The inferred phylogenetic relationship was shown as (Myrmecodia spp. + (Myrmephytum + (Anthorrhiza + Hydnophyfum spp.))). It was suggested that the ancestral taxon of Hydnophytinae was Myrmecodia or Myrmephytum because these genera were settled in the basal position in Hydnophytinae used in the present study. In addition, we discuss the evolution of diverse symbioses of Hydnophytinae based on the inferred phylogenetic relationships, together with ecological and geographical information. It is possible that the ancestor evolved as an epiphyte which lived in the nutrient-poor habitat of Southeast Asia and had a specialization for efficient and relatively obligate mutualism with ants by increasing their complex cavities as ant nesting spaces. After Myrmephytum and Anthorrhiza were respectively evolved in the Philippines and Papua New Guinea, the ancestor of Hydnophyfum evolved as a xeromorphic tuberous epiphyte in the dry environments of Southeast Asia and acquired facultative symbioses with arboreal ants.
remarkably diverse, from facultative relationships to obligate mutualistic ones (Maeyama et aL, L997i Maeyama, t998). Hydnophytum spp. usually have facultative symbioses with the resident ants.
Moreover, most species of this genus show xeromorphic adaptations. For example, they have small and leathery leaves and much succulent tuber tissue (Jebb, 1985) . However, the species in Myrmecodia, Myrmephytum and Squamellaria tend to have complex mutualistic relationships with ants, and xeromorphism is less developed; the leaves are large and thin, they have many complex cavities used as nesting space for resident ants and less succulent tissue in their tubers. Antlarrhiza shows various morphologies,from Hydnophytum-like plants to Myrmecodia-like ones.
The evolutionary prooesses for such diverse associations between Hydnophytinae plants and ants is unclear. Discussing the initial stage of the evolution, Miehe (L911) suggested that mutualism requires adaptations from both participants which are too complex to have evolved without intermediate steps. He proposed that the function of cavities was originally trap of rain water and only later the cavities were invaded by ants. Janzen (1974) in contrast, based on a discussion of the physiology of epiphyiic myrmecophytes and other plants, suggested that symbiosis with a nutrientsupplying effect for the epiphytic plant must have been the first function. Jebb (1985) stated that Hydnophytun was the most primitive genus in the Hydnophytinae genera, based on several morpirological characters. In his hypothesis, the other genera Myrmecodia, Myrmephytum, Squamellaria and Anthorrhiza have arisen independently from Hyd.nophyturn as a result of major evolutionary steps. Relationships among these genera, however, have not been evaluated using modern phylogenetic methodology, and the phylogeny of these groups is still ambiguous.
In the present study, we attempted a molecular phylogenetic analysis using the intergene region between the AIP synthetase B-subunit (atpB) gene and the ribulose-1.,5-biphosphate carboxylase large subunit (rbcl) gene of the chloroplast DNA of several species in 4 genera (Hydnophyturn' Myrmecodia, Myrmephytum andAnthorrhiza) of Hydnophytinae and inferred the evolutionary processes.
MATERIALS AND METHODS

Samples
The 4 genera, Hydnophyturn, Myrmecodia, Myrmephytum arld Anthorrhiza, in Hydnophytinae @ubiaceae) were used in this study. Squamellaria was not analyzed because no samples of the species were available. Taxa used in this study are shown in Table 1 .. The sequence of Hydnophytun formicarum (sample 3) was obtained from the GenBank Data Library (Manen et al. , 1994 Total DNA extraction and purification
Fresh leaves (about 500-1fi)0 mg) were collected and stored at -80"C until DNA extraction' They were pulverized into a fine powder in liquid nitrogen. DNA was extracted using the CTAB method (Hasebe & Iwatsuki, 1990) . After extraction, the DNA was purified using the ultracentrifrrge method (Hasebe etal.,1994) . ('!,994) DNA amplification of Jhe atpB-rbctr intergenic spacer of cpDNA The atpB-rbcl intergene region of the chloroplast DNA was amplified by PCR. A pair of primers were used for the amplification. The primer sequences used for the amplification were forward: 5'-GAA GTA GTA GGA TTG Am crc-3', and reverse: s'-TAc AGT TGT ccA TGT Acc AG-3' (Manen et al., 1994) . The reaction was performed in an ASTEC PC-700 programmablo temperature control system and a GeneAmp 240O thermal cycler (Perkin-Elmer). The temperature profile was 94'C for L min, followed by 35 cycles at 94'C for 30 sec, 45'C for L min and 60"C for 3 min (Manen et al.,1994) .
Purification of PCR products and sequencing PCR products were purified using a Prep-A-Gene DNA Purification Kit @io-Rad). purified products were used as a template for the sequencing reaction. The sequencing reaction was performed using the dideoxy-nucleotide cycle sequencing procedure with a Dye-Terminator Cycle Sequencing Kit (perkinElmer) and a GeneAmp 2400 thermal cycler. Electrophoresis and data collection were performed using an automatic DNA sequencer (Perkin-Elmer, model 3735) with a 6Vo polyacrylamid gel (TOYOBO' Super Reading DNA Sequence Solution), following the recommended procedure. Both strands of the amplified PCR product were sequenced.
Phylogenetic analysis
Sequences were aligned using the clustal w program package (Thompson et al., L994) , and confirmed with the aligned DNA sequences of Rubiaceae (Manen et at., t994) . Distance-based neighbor-joining tree (Saitou & Nei, 1987) was computed and assessed using Clustal W Kimura's (1980) 2-parameter distances were computed (Table 2) , and 1000 bootstrap replicates were utilized to assess the strength of suggested associations.
RESULTS AND DISCUSSION
The available sequences of. the atpB-rbclintergene region were (including gaps) 489 bp (Fig. 1) .
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Hydnophytinae was due to recent and rapid radiation. The phylogenetic tree based on the neighborjoining method after L0fi) bootstrap replicates is shown in Fig. 2 (Huxley & Jebb, 1991b) . Unfortunately, we could analyze only one species of this genus. If more species of Anthorrhiza are collected and analyzed, this hypothesis (suggested above) on the evolutionary direction of Hydnophytum can be precisely confirmed. The geographical distribution and inferred phylogeny of Hydnophytinae suggest that Hydnophytinae's ancestor arose in Southeast Asia. Today, species of Myrmecodia are widely distributed in this region (Jebb, 1985; Huxley & Jebb, 1991a) . The ancestors of Myrmephytum and Anthorrhiza evolved in the Philippines and Papua New Guinea, respectively. Myrmephytum and Anthorrhiza are genera mainly defined by corolla lobing and inflorescence character (Huxley & Jebb, 1991b; 1991~) . Since the characteristics of the flowers and inflorescence are generally resistant to change (Beattie, 1985) , it is suggested that speciation of Myrmephytum or Anthorrhiza required radical changes over a short time in the evolutionary process.
In the present study, the numbers of analyzed species in Hydnophytinae were insufficient. However, Hydnophytinae are relatively difficult to collect and this study is an important first step to elucidate the phylogenetic relationships and to infer the developmental process of various symbioses between the rubiaceous epiphytic myrmecophytes and their associated ants. Phylogenetic analyses of numerous taxa, including Squamellaria and based on molecular findings of other genes are required to understand the whole evolutionary process regarding the complicated symbiotic relationships.
